Abstract-Localization is one of the fundamental problems in wireless sensor networks (WSNs), since locations of the sensor nodes are critical to both network operations and to most of the application level tasks. There exists an extensive body of paper that aims at obtaining locations as well as spatial relations of nodes in WSNs without requiring specialized hardware and/or employing only a limited number of beacons that are aware of their own locations.
II. PROBLEM STATEMENT
Nowadays, the most simple, off-the-shelf, mechanism to determine the location of an unknown node is to use the Global Positioning System (GPS) [1] . GPS offers 3D localization based on direct line-of-sight with at least four satellites, providing accuracy up to three meters. However, some limitations of GPS demands alternative localization methods. First, GPS is at the moment barely usable indoors, in cluttered urban areas and under dense foliage. Second, while the cost for GPS equipment has been dropping over the years, it is still not suitable for massproduced cheap sensor. Third, GPS equipment requires both hardware space and energy, which are the two limiting factors for integration on miniaturized sensor boards. To overcome GPS limitations, researchers have developed fully GPS-free techniques for locating nodes as well as techniques where few nodes, commonly called beacons or anchors, use GPS to determine their location and, by broadcasting it, help other nodes in calculating their own position without using GPS.
The localization problem is to finding accurate location of all the unknown nodes in wireless sensor networks, which can be computed by a central unit [2] or by sensor nodes in a distributed manner [3] [4] [5] [6] [7] . In most cases, sensor network applications require that the wireless sensor nodes are deployed randomly in an area of interest. Applications may also require sensor nodes to be deployed by dropping them from flying aircrafts and requiring the nodes to self-configure into a wireless network. Because of such deployment methods and the large number of nodes involved, special techniques are required for the nodes to determine their locations after deployment. Also the errors in distance measurements need to be minimized either by multiple measurements at the same node or by combining measurements from other nodes in the vicinity, a method that is known as collaboration. In either case, a common requirement is the need for optimization operations that requires extensive computations and data handling. It can be concluded that the main challenges for designing a localization scheme for wireless sensor nodes arise from the need to deal with the accuracy, low hardware complexity and cost of implementation, small form factor of the nodes, and their arbitrary locations (indoor, outdoor, and in uncharacterized regions).
III. LOCLIZATION SYSTEM
The localization systems can be divided into three distinct components:
A. Distance Estimation:
This component is responsible for estimating information of distances and/or angles between two nodes. Such information will be used by the other components of the localization system.
B. Position Computation:
This component is responsible for computing a node's position based on the available information of distances/angles and positions of the reference nodes.
C. Localization Algorithm:
This is the main component of a localization system. It determines how the available information will be manipulated in 978-1-4673-6232-0/13/$31.00 ©2013 IEEE 549 order to allow most or all the nodes of the WSN to estimate their positions.
Besides being a didactic viewpoint, the importance of such a division into components comes, from the need to recognize that the final performance of the localization systems depends directly on each one of these components. Also, each component has its own goal and methods of solution. They can be seen as subareas of the localization problem that need to be separately analyzed and studied.
A. Distance Estimation
The distance estimation is obtained by identifying the distance or angle between two nodes. Such estimates constitute an important component of the localization systems, because they are used by the position computation and also by the localization algorithm. Different methods can be used to estimate such information. Some of them are very accurate, but with higher costs (in terms of hardware, energy, and processor resources), while others are not accurate, but already available on most sensor nodes.
In the following sections, some of the main methods used by the localization systems to estimate distances will be studied. These methods include Received Signal Strength Indicator (RSSI), Time of Arrival (ToA), Time Difference of Arrival (TDoA), and the communication range. Finally, some general comments will be made regarding this component and its methods of estimation.
B. Position Computation
The previous section discussed how to estimate the distance between two devices. If an object knows its distances to multiple devices at known locations, one may estimate its location. When a node has enough information of distances and/or angles and positions, it can compute its own position using one of the methods that will be studied in this section. Several methods can be used to compute the position of a node. Such methods include trilateration, multilateration, triangulation, probabilistic approaches, bounding box, and the central position. The choice of which method to use also impacts the final performance of the localization system. Such a choice depends on the available information and on the processor limitations. In the subsequent sections, the cited methods will be studied. After that, some general comments will be made regarding this component and its methods [3] .
C. Localization Algorithms
The localization algorithm is the main component of a localization system. This component determines how the information of distances and positions will be manipulated in order to allow most or all the nodes of the WSN to estimate their positions. The localization algorithms can be classified into main categories:
 Distributed or Centralized Position Computation. Some network characteristics can affect the performance of the localization systems. It is important to make experiments for each proposed localization system to evaluate their behaviors when varying these characteristics, which includes:  Network Density  Network Scale  Number of Beacon Nodes.  GPS Accuracy.
The importance of dividing the localization systems into components, as mentioned before, comes from the necessity of recognizing that the final performance of the localization systems depend directly on each one of these components. For example, a localization system should achieve better results if the TDoA method is used instead of the RSSI to estimate distances. The same principle applies to the other components. These components can be seen as subareas of the localization problem that need to be separately studied.
A general rule in WSN is that there is no perfect solution to a problem that performs best in any situation or application. The same rule applies to the localization problem. There are a number of proposed localization systems, each of one of them puts an emphasis in a specific scenario and/or application. The necessity of different solutions for different applications and also the high number of possible applications of the WSN have greatly motivated the study and proposals of new solutions to the localization problem shown in this paper. For instance, in military applications, WSNs can be deployed in remote possibly hostile environments in order to perform tasks such as battlefield surveillance, enemy tracking, and security monitoring of military facilities. In these cases, security techniques must be implemented in order to provide a secure localization system.
IV. ACCURACY METRIC
The basic goal of the localization accuracy metric is to show how well matched the ground truth and estimated positions are. Throughout this section, it is assumed that a WSN is composed of n sensor nodes deployed over a given area. The simplest way to describe localization performance is to determine the residual error between the estimated and actual node positions for every node in the network, sum them and average the result. The preceding discussion has assumed an ideal situation; however, as mentioned earlier, distance estimation always contains errors that will, in turn, lead to location errors. The distances between beacons and unknown node d i given by (1) (1) Where i is a number of beacons, (x i , y i ) location of beacon and (x u , y u ) estimated position of unknown sensor node.
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In real-world applications, the distance estimation inaccuracies as well as the inaccurate position information of the beacon nodes make it difficult to compute the position. As depicted in Fig.1(a) , the circles do not intersect into only one point, resulting in an infinite set of possible solutions.
Distance measurement error (DME) is defined as the difference between actual and estimated distance between beacon and unknown sensor node as given by (2) .
(2) Where is estimated distance, d i is actual distance, is distances error Distance estimation always contains errors that will, in turn, lead to location errors. Figure 1(b) illustrates an example in practice. The three circles do not intersect in a common point. The residual value, as the mean of the distances error (differences between the estimated and actual distances) is represented in (3).
(3) Where n is number of beacons.
The real challenge for methods of estimation position arises when the distance measurements are not perfect but only estimates with a distance measurement error DME are known. Solving the above equations with = + DME i will in general not yield the correct values for the unknown positions (x u , y u ).
Several methods can be used to measuring distances, such as RSS, AOA, TOA or TDOA. Naturally, the measurements as well as the beacons positions are affected by a degree of uncertainty. Range and distance measurement are degraded by both time-varying errors (such as noise or interference) and environment-dependent errors. In reality distance estimation always contains errors that will, in turn, lead to location errors.
Location or position error (PE) is defined as the difference between actual and estimated position of sensor node as (4) . (4) The mean absolute error metric (MAE), as one of the main accuracy metrics calculates the position error (PE) between the node's estimated and actual coordinates for each of n nodes in the network. This is shown in (5).
Mean Absolute Error
(5) The resulting metric represents the average positional error in the network, and then aggregating individual residual errors into one statistic. The MAE computation has much similarity to root mean square (RMS) error, a commonly used calculation to measure the difference (or residual) between predicted and observed values.
V. HYBRID MEHOD TO ESTIMATE NODE POSITION
The idea of proposed method (Hybrid method) is to repeat the computation of nodes positions by more than one method to reduce of the (Distance Measurement Error) DME on one hand and benefit from the advantages of using more than one method on the other hand. The application of this method in localization algorithm leads in the final outcome to improve the accuracy of the localization system.
The new Hybrid method has proposed used to estimate the position of unknown node, this method consists of three phases, the first phase computes the position of unknown node using bounding box method, the second phase determines and corrects the error of measuring distances DME mathematically and the third phase refines the node position the node position using lateration method, and reverse the use of methods if DME is large. The relationship between the error in estimating the location and error in measuring the distances is a positive relation; therefore we seek to reduce the distance measurement error (DME), and this lead to reduce intersections area of circles as depicted in fig.2 . This problem can be solved by correcting distance estimation and filtering out distances measurement error (DME) using mathematical manner. The flowchart of Hybrid method is depicted in Figure 3 . The hybrid method steps are present in the following:
1. Estimate distances between unknown node and three or more beacons. 2. Use bounding box to estimate node position. 3. Calculate residual error 4. Correcting distances by filtering out residual error 5. Compute position using trilateration method by applying new distances. 6. Broadcasts its newly estimated position to assist the other unknown nodes to estimate positions.
VI. PERFORMANCE EVALUATION FOR POSITION ESTIMATION METHODS
The performance of the estimate position methods (trilateration, bounding box and hybrid method) were evaluated through simulation experiments under same conditions each individually is obtained on the mean absolute error (MAE) of node estimate position Numbers of simulation experiments conducted using MATLAB, for evaluate performance of three position estimation alternatives methods (trilateration, bounding box and hybrid) and find a relationship between errors in the measurement of distances and the mean absolute error (MAE) of estimate position according to following parameters: each sample consists of 3 beacons nodes and one unknown node are deployed randomly in an area of , radio range 100m, DME distributed from 0 to 0.03%[R] and number of samples equal 1000 samples. The final result is calculated by using samples in different situation, and then the mean absolute error of estimated position is calculated. Fig.4 shows a comparison between the three position estimation methods (bounding box, lateration and hybrid method) and from this it can be deduced that the Hybrid method is the best and most accurate to calculate the location of the node when the distance measurement contains an error (DME) ranging between 30 centimetres to 3 meters. The relation between distance error and position error for Hybrid and trilateration methods is positive. This relation shows that Hybrid and trilateration methods are sensitive to DME whereas the box method is constant to the DME. If the amount of DME is more than 3 meters it is preferred to use the bounding box method because it is less sensitive to DME and, if the DME is small, i.e. less than 25 centimetres the lateration method is used and if the DME is between 30 centimetres and 3 meters, the Hybrid method is preferred. The analyzed results have shown that the performance of position estimation methods are affected by several factors, such as beacons placement, number of beacons and estimation distances errors.
On one hand, it is found that the bounding box method has the advantage of being computationally cheap and insensitive to distances errors, but it requires a good constellation of beacons; in particular, placing the beacons at the edges of the network is recommended. If the beacons cannot be placed uniformly while distributed across the network, the accuracy of the node positions at the edges is rather poor.
Lateration, on the other hand, performs much better. Nodes at the edges are located less accurately than interior nodes, but the magnitude and variance in the errors is smaller than for bounding box.
According to the explained results, it is deduced that when the DME is less than 30 centimetres in communication range 100 meters, is better to use the bounding box method in the first phase (computes the position of the unknown node )and the lateration method in the second (refines the node position ) of the Hybrid technique. In addition, the use of the two methods (bounding box and lateration methods) can be reversed if DME was large than 30 centimetres in same communication range. Therefore, the Hybrid method outperforms the lateration and the bounding box method in terms of the accuracy of the estimated location.
VII. CONCOLUSION
Location-awareness is a key feature of future generation networks, enabling a large number of pervasive applications. In this article, we have provided an overview of existing localization approaches and discussed several research challenges. Wireless sensor networks hold the promise of many new applications in the area of monitoring and control. The physical limitations of the sensor nodes, however, require unorthodox solutions for many problems. This research has addressed the localization issue for wireless sensor networks.
The design of the localization systems for WSNs is divided into the following three components: distance estimation, position computation, and localization algorithm. The importance of dividing the localization systems into components, as mentioned before, comes from the necessity of recognizing that the final performance of the localization systems depend directly on each one of these components.
A new method (Hybrid method) to estimate the position of unknown node was proposed. The idea of the Hybrid method is to repeat the computation of node positions by more than one method to reduce the DME (Distance Measurement Error) on one hand and benefit from the advantages of using more than one method on the other hand. This method consists of three phases the first phase computes the position of unknown node using bounding box method, the second phase calculates and corrects error of measuring distances DME mathematically and the third phase refines the node position by recomputing the node position using lateration method and reverses the use of these methods if DME is large. So the problem of distance measurement error was solved by correcting this distance estimation and filtering out this error using the mathematical manner. Thus, the hybrid method combines the advantages of both the lateration and the bounding box methods, which improve the performance of localization system by enhancing the estimation the accuracy of nodes position and makes it less sensitive to distances measurement error (DME).
